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"SUMMARY OF THE OIL SHALE FRAGMENTATION PROGRAM
AT ANVIL POINTS MINI, COLORADO

Prcnaryg D, Dick
Les Alamos National Labor. Lory
Los Alamo., New Mexico 87545

Chapman Yuung
Sunburst Recovery,

ADSTRACT

During 1481 and 1982, an extensive oil shale
fragmentation resedrch program ~as conducted at the
hnvil Prints Mine near Rifle, Colorsdo, The pramary
yoals were to investigeate factors wnvolveo for ede-
quate fragmentation of a1l shule and to evaluata the
feashitn ity of using the mady red 1n situ retort
(M15) method for iecovery of ol from of] shale,

The test program ancluded single-dech, single-
torchole tests to obtarn hasic fraymentation data,
multiple-boretale, mdtaplu-uect explosive tests Lo
evaluate practical aspecty for developing an (n ity
relort; and the devnlopment of & veriety of (rytrus
mentation tethnaiquer Lo dragnote the blasting event,

Thiy papse wil) pretent an outline of the field
program, the type of tnstrurentation used, some
typical resultt from the tnstramentatron, and a
drycusaian of eaplasive engtnesring problemt sncoun

tered nver the course of the program,

INTRODUC T HON

The fragmentation prag am way ponsnepd LA |
Contertium ¢f ot ) companvey compoved of (11 1ey
Cerwvtor U, ettty N (o, Mhile Koawartch and
Development (o, My baps Fetroivum Lorp,, Sonfe
Shate (o ann Sunmn Ene gy Development (o,
Sovence AnpYtuatteny, o, (WA)) menagen the prayram
and provided teahnteal directtan,  In a ceoperat tee
e'larl with SAL and the (onvartium, Loy Alamoy
fattpnal Laborabory patticipated and shared tn {he
fragmentation tevedr i,  Sandia Natianal Labaiatory
Al parbtetpated in some of the teatine whiloh
oecutted 1ate tn the program, Mnaee thiy prooam
wan part el the cverall rocd fragmentation rexoatch
Apenkare by the Deparbment of Taergy (DO1), 4
Anvi) fotnty Revearch Hine wad thoven av the yile
te the "1eld teaty,

The pro-at) gy of Lthe rteveatih progiar wore
to evtabitah mthory that would atiow ecanpmt, oo,
very of oidl oo ot ahale hy roany ot the rnditted
th abby et d proceny ant to dewelop 4 prediclive

Capabt by dur el ahale fipgmentation, (indy the

Wiliiam L. Fourney
Departinent of Mechanical Engineering

Steamboat Springs, voluradc BO47Y University of Maryland
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field program will be discussed in thys paper, The
testing was done to provide data concarning stress
wive propagation in shale, to determine o1l shale
characteristics oand explosive properties that
control fracture ond fragmentation, #nd Lo 1dentafy
geometric effects that influence fracture ang
fraymentation, Thiy information wis then Lo be used
to design an 1n ity retort., The stress wave propa-
gation data came from laboratory tests (which are
not discussed in this paper) ang from instrumented *
freld tests. Ot} shale charastertstrics af acting
fragmentation were obtained from tingle horehole
tests and from a study of the geologic features such
v Joint spacing and shale grade. Some eplotive
characteristics which effect fragmentation and frac.
ture such as the detonaticn pressure and explotive
git generation were obtafined by ewnploying different
explovtve types tn stmple and comples fleld test
arcangements, Some influences of timing delays and
shothole spacing were studied by correlating the
particie sie distrtbution and the degree of rubblif.
tation in tenls tn which the hortontal and vertical
spacing and timing of the eaplovive charged wete

vatied,

PALECD TESY PUAN

The teaty contuited st the Anvil Poiaty Mine
convinted of fiye vety of evppriments, lhese were
Aetignated the A, B, € ang D Serves ana the Special
Serten, tnoal), A% fudlavcale testy and 17 ema))
veale tonte werp peiformed,  Jdeally, sath aues
teeding Leriey wad Lo butld on the renully from the
previous verton, Alarting with the wmall vale
tetlthy, toving to the ful) soale vingleborehede,
vingle sdecd Ah LA ane mading with syt iplehorehole
wilh dechodd esplovive chargey to fora an tn Wity
totort, An outVine af the teat plan for Lhe veriey
of ahoty by providad to tande 3, Ine \pecval
Serven tante were adiea to the wevginal plan
becavre aper Vo probbemy wore antounlersd 2t {he
project matured,  Same ol thevs were potlor.sance

protlome with the detecatar , bmoate: . and patlonisen



(deadpressing and cap delay time chanyes); iden-
tifying an explosive adequate for fragmenting the
rich shale beds that were contained within the
column to be rubbled; \nvesflgating stemming perfor-
mance problems that were inherent in complex DLlasy
patierns; and lack of craver formatiu, data for
€hoosing the proper iime delays in & retort design.
The individual special tests were performed over the
course of the project as the need arose, The small
scdled tests were conducted Lo study presplitting,
iracture control blastiny, ang charge timing
effects,

Figure 1 is a map of the Anvil Points Mine
showing the locatron of the 45 large-scale tests
conducted in the program. The shaie grade variation
fn the test bed is shown in Figure 2,

IHSTRUMENTAT 1 On

Instrumantating wis anr importsnt aspect o/ the
program, The object «s to measure stress wave pro-
pegation velocities, crater formation times and
retes, explosivy and stem per‘ormance, rock mass
mot1on at the free face and ot depth, and to accura-
tely cdetermine the tnitiation times of the explosive
cotumns; especially when using time delayed caps.
Instrumentation fncluded plezoelectric and pletore-
tittive accelerometar gauges, electromagnetic velo-
¢ty gauges, CORRY X {Continuouy Reflectometry for
Radius vy lime Experiments) time domain reflec-
tometry (Virchow et a)., 1980) cable shortening
techniques, low framing rate viteo coverage, as well
4y Other Insteumentation types that will not bLe
discusved In this paper,
Data Aequistition Syatem

Thy elrcuironte syvtamy, including the firing
electronic tevicons used thraughout the project, were
housed In mibile tratlecy parbed Inside the mine and
Tocated approstmately VI m from the eape: hinenta!l
siter, Intttation of the eaplovive tn some testy
war dccomplithed uvtng an PACJO EIW (Faploding
Mo vagewire) portahle firing \yantem and RP-RY (v
detunators, buth macutattured by Reynolds
Industetos, Inc,  Thiv reyvhod wat uved for the
simple tentyethe A and R Series, vome of the (
Sertes, and rpany of the vpeotal teals, lor the
complea tenty of the £, 0, and Mpectal Sertey, an
Energy Wewmareh pf g (FROY vequentia) Blasting

machine was used to initiate the electric caps.

One of tne electronic systems was composed of a
computer-controlled timing and firing (T/F) system
and a signal scquisition system, A DEC (Dvgita
Equipment Corporation) LS1a11/2 minicomputer com-
municated with external electronic devices throngh
ports (32 ports were available) to provide sequenced
closures to trigger power supplies for firing the
shot, to activate signal recording equipment, an¢ to
trigger the CORRTEX electronic units. Figure 3 15 @
block diagram of the mayor components of the marn
system, The peripheral equipment for the computer
incluard dual floppy disk drives, & monitor screen,
and & hard copy device to produce plots and code
information, For each test, the T/F information was
programmed into the computer to provide triggee
pulses to the dlasting box, recording electronics,
and CORRTEX,

The signal acquisition system covsisted of 10
LeLroy multichanne]l waveform digitizers (Model
2¢64  manufactured by LeCroy Research Systems,

Palo Alto, California), 14 single-channel Ectron
signal condrtioners (Mode) 776B, manufactured by
fctron Corp, San Diego, California), for the
ptezoresistive transducers, a 12-¢hannel PCB
(manufactured by PCB Piezotrontics, Buffalo, N,Y,)
power supply (amplifier unmit for the plezoelectric
traniducers) and J magnetic tape units and asso-
¢reted amplifrers for recording the signals in ana-
log form, The memory of each digitizer was 32K
words ., Sampling rates of 0,04 to & MY? were
Available depending on the number ol channels acti-
vated on pdch digityier, lor recording and storing
the gauge signal, each digitizer received & stop
titygger orfginating from the comwter at & user spe-
ified time tn the T/F sequence,

Ay a complement Lo the matn instrumentlation
system (welvso channely of eight it trengtent .
digital recarding by meany of Bronation ende) 2K0%
tecordery wote provided, fach Biomation unit way
capabie of recording two etght -hit &, 040 work chen.
nels, three nodel QRO master unity provided time
base tontrol far themielves and for any PROSS slave
unity attached to them, Ay up to three slave unity
could be gtven time bave control from one mster
unit, 1t wad comnpn to utttize one master nnil with
twr 0F Ltheoe thaver and the nther mazter untty wiy

one o ono Ataves,  The Momat ton untty were reay



through a sixteen-bit parallel interface into a
Hewlett Packard 9835 desktop computer. These data
were permanently saved on the cassette recording
system which ras part of the HP 9835, The WP 983%
was also ytilized to reduce the data and to provide
plats on a Hewlett Packard 9872 plotter, The
Biomation transient digital recorders, the HP 9835
computer and the Suppor.ing amplifiers, filters and
power supplies were also housed in the trailer.

The CORRTEX electronics were part Of the system
even though the equipment was self-contained. As
many as 17 CORRTEX units were used on a single test
to monitor initiation times, explosive performance,
and stem behavior,

Ak variety of signal lines and control wires con-
nected the recording trallers to the remote experi-
mental sites., The transducer signals were carried
by RG-223 coaxial cables as well as twisted and
shietded wire pairs, CORRTFX siconals were
transmitted by RG-I23 and KG-214 coaxial cables.

Accelerometer Gauges

Two types of transducers were used to mcasure
acceleration, the Endevco piezoresistive 2264A
minfature snock accelerometer (manufactured by
Endevco, San Juan Capistrano, California) with
ratings up to 20,000 ¢ and the PCB piezoelectric
3054 high-shock acceler sneter with ratings to 50,000
g. A gauge package with as many s three trans-
ducers consisted of encapsulating the Endevco and
PCB gavges in a canister molded from an epoxy
materiai approximating the impedance of the of)
shele, Within a canfster, the gauges were orienced
to nonitor accelerdtion in one or two, and sometimes
three, coordinate directions, [Each gau,e package
way then positioned ot & knowr locatio: in an
tnstrument hole, oriented relative te the charge
column and coupled 0 the shale with a rock matching
grout, For roch mass motion at various depths, the
vsual gauge package consisted of two transducers
ortented to measure the vertical and radial com-
punents of acceleration relative to the explosive,
Occastonally, a third transducer was added to the
cantster to monitor acceleration fn the tangential
direction, Surface rock motton was monitoreo by
mounting ¢ single transducer {n & canister orfented
to neasure only the vertical component of sccelera-
tion,

The £adevco transducers were tonnpcted to Ectron

signal conditioning units that contained the bridge
completion and balancing circuits, an excitation
voltage for the gauge, and &n amplifier section,
Each Ectron output was connected to one chaniel 1o o
digitizer recorder, The PCB quartl sensors were
connected to & PCB power unil to power the transg-
ducer with ¢ built-in amplifier for operation in the
voltaoe mode, The outputs from the power unit were
connected to appropriate channels of the digitizer
recorders .,

Velocizz Gauge

As both types of accelerometers were subject to
high frequency noise and/or significant baseline
shift in the adverse environment in which they were
employed, efforts were also directed (owards deve-
loping an electromagnetic velosity gauge technique
suftable for measuring rock miss motion and stem
performance in the immediate vicinity of detonating
erpiosive charges,

The type of electromagnetic velocity gauge found
to be most effective is depicted in Figure & and
described {n detail by {Young, et al., 1983), This
gauge functions simply by the motion of a bar magnet
through a helically wound pick up coil, As indi-
cited in the figure, the bar magnet which is free to
slide within the tube wrapped with the pick up cofl,
{s positioned prior to the explosive event at 2
tocation such that the expected rock mass or stem
motion wil) cause the pici up cofl to move past the
magnet. The magnets were typically held in place by
iheir magnetic adherence to ¢ small bolt positioned
in the tube assembly as {llustrated. The arrival of
any explosive {nduced shock or motion would dislodge
the msgnet from this supporting bolt and during the
few milliseconds of valid recording the magnet would
remain essentially stationary in space by nature of
fts fnertia while the pick up coil tube assembly
moved past 1t., By performing & variety of drop test
calibration: on the clectromagnetic velocity gauge
assembly, it was possible to celibrate each gauge
for the voltage gunerated as a function of tube
velocity past the magnet, The gauge outputs were
typically accurate to within five percent over the
eight to ten centimeter travel buflt fnto the
gauges. Ay each gauge had & known travel or diypla-
cement limit, 1t was porsible to verify the qauge
caltbratton factors during an rxplosive test by com-
pering the gauge displacement obtatned by



integrating the velocity record wivh the mechari-
cally defined displecement limit.

The electromagretic velocity gauges had the
disadvantages that they had 3 greater impedance
mismatch with the oi) shale and the grout in which
they were embedded than did the piezoelectri¢ and
piezoresistive accelerometers and that special pre-
cautions had to be taken during gauge installation
to ensure that the magnet was not dislodged prior to
execution of the explosive test. The electromagne-
ti¢ gauges had tne advantages that they provided @
large amplitude, noise free vu!tage output which was
directly propertional to gauye velocity and that
they could provide long (up to 30 ms) records of
ground or stem moLion.

CORRTEX

CORRTEX instrumentation (Schmitt, 16831) was used
primarily to monitor the performance of a detoneting
column of explosive in simple and complex blast
designs vsed in the Consortium field test program,
Because the performance of commercial explosives is
dependent on geometry, confinement, “nd external
factors such as preshocking, it ‘s imporiant to
measure the performance under field conditions to
evaluste the blast results. CORRTEX i- an applica-
tion of time-domain-reflectometry (TDR) to inte. ro-
gate a coaxial sensor cable that changes length with
time due to an advancing pressure front, CORRTEX is
& portable electronics system which emits electronic
pulses at timed intervels that travel to the end of
& 50-ohm coaxial sensing cable, refiect, ard then
return to the receiver, The microp-ocessor-
controlled electronics unit counts, digitize«, and
stores the travel time of the pulses, Figure 5 1s o
schematic of the principles of operstion. For
measuring explosive performance, the sensor cable
runs thiough the charge co'umn and 1§ crushed at the
same rate as the explosive detoaation, With this
technique, shock/detonation wave position as a funce
tion o' time was obtained with centimeter resolu-
tion, Pulse rates were variable over 3 10 to 90 4
renge, and 2000 dats points could be storea,

RG-174, FSJ1-50, RG-223, and RG-Z14 50-ohm sensing
Cables were used 10 the field ter s covering the
range of crush pressures from 5 MPy to 2.5 GPa, At
shot time, the CORRTEY elecirontcs was activated ty
4 triyger pulse oriyinating from the ~omputers
controlled T/F system shown in Figure 3, for the

simple borehcle tests, usualily two sensor cables of
different crush strengths such as RG-174 or RG-223
and F5Ji-50cables were placed in the explosive bore-
hole to measure the detonation velocity. CORRTLX
wds used lo monitor detonation Limes and detonation
velocity by judicious placement of the sensor caples
in @ blast geometry containing severel levels of
explosive. CORRTEX was also used to obtain date on
times of free surface formation within the resuliing

craters.

RESULTS

Kock mass motion measurements were corducted for
single- ond multiple-borehole arrangements. A
representative single-borehole fragmentation test 1§
shown in figure 6 wnich illustrates (he acce-
Yerometer gauge placement for mezsuring rock mytion,

An acceleration record from an Endevco gauge
ariented to measure the vertical component placed
6% & depth of 1,2C m ang at & radial distance of
2.86 m for the TNT charge i$ shown in Figure 7. Tne
record has been integrated to obtain velocity and
displacement and these are also shown in the figure,
A su-face acceleration record from a PLE gauge
located 2,0 m radial distance from the charge is
shown in Figure 8. A semilogarithmic plot of acce-
leration of surface mounted gauges from severa:
tests 1% shown in Figure 9. The data are scattered,
but the points have been approxinated with a linear
line segrent, This suggests that acceleration
decreases exponentially with radial distance from
the explosive column, Figure 10 §s a semilogrithmic
plot of pest wvertical acceieration vs radius for
gauges enbecded atl two depths, The data have less
scatter than fror Surface gduges and the dats once
4gain has bee fitted with & stratght Yine. Thus
surfoce acceleation and acceleration ot depth
decreases expenentially with radial distance from
ithe charge for il shale,

Surface acce'eration measurerants from 2 test an
which pellicti2ed TNT was used o a O.lb-m-drameter
borehole tn lean hele were inteyrated to obtain
veluCity vs time for the varfous qavge loreations,
Ihese peak values “or acceleration and velocity are
nlotted in Figure 11, along with the predicted
values from & comput>r simulation (Adams et al,,
1983) from the test. The agreement {3 very qood
between the calculated and measured values in the



1.0- to 5.0-m range, especia\ly the peak velocity
vs distance plot.

Average Stress wave propagation speeds were
determnined for ledan (10 gal/ton) and intermediate
(25 gal/ton) grades of oil shale using the time of
arrival for the wave of surface mounted and emdedded
accelerometer gauges. The data from severa) tests
indica*e a wave speed of 3.45 km/s in lean shale and
3.25 km/s for intermegiate grade shale,

The date from accelerometer gauges ot the sure
face and from those buried in the shale to a depth
near the top of the charge show that the velocity of
the rock mass decreases with depth during a hlast
event (as might be expected). This trend was inde-
pendent of the complexity of the test and the explo-
sive type vsed. Surface motion was 10-20 m/s while
motion at a depth of 2.5 m was 5 m/s or less.

The accelerometer gauge signals were used also
to evaluate the overall performance of a complicated
test, such as the D Series tests, by comparing the
observed signal times (cor~ected for wave travel
times) with the intended delay times of the explo-
sive columns. In this way, the time sequence could
be epproximately verified for the blast event., The
vertical component obtained from & multi.Jirectiona)
accelerometer canister placed near the last and
Yargest of a multi-hole milti-charyge mini retort
fragmeniation test iy shown in figure 12, Also
shown in the figure is the expected arrival times
for seismic enerqy gencrated by the various explo-
sive charges., These arrival times were based upon
the actus) detonation times of the charges as
measured by the CORKTEY and calculated for in
average shale wave speed of 3168 m/s, While there
is some sgreement between the arrivals of large
amplitude seismc energy ane th. detonation of
charges, the very complex nature of these records
at.est to the complex wave propagation occuriing in
the layered of| shale formation,

Koct Mss motion fron Veloctty Gavges

Records from two of the six slectromagnetic
velocity gavges fieldeg in the final multi-hole
multi-charge fragmentation test are shown in Figure
13, Gauges 1 and 5 shown in Figure 1) were placed
directly one above another §n a single hole
drilled intermediately between (he two central upper
level explosive hales dersigned to detonate at zern
time, Gauge | was placed ?.14 m telow the upper

tevel room floor while gauge S was placed 1,22
below the floor. Borh gauges Show the near simulia-
neous arrival assocrated with the detonation of tne
first charge ot 2.0 ms., The deeper gauge does not
begin any significant motion wntil 2 to 3 ms later
and then only shows & relatively low velocity of 2
to & m/g, AL the time of gauge failure (probedly
due to cable clipping) at 26.6 ms, this gauge has
undergone o total displacemeat of only &.6 cm. Tne
shallower gouge, located migway between ihe two 2er0
time shot holes, attains a significant velocity
immediately after the first shot anc has somewnit
higher velocities than the underlying gauge. Thig
gauge reaches tre limit of its travel of 6 cm at
14,0 ms., Tne pesk velocity of 7.5 m/s reslized by
the shallower gauge is still much lower than hag
been expected,
Stemning Behavior from Accelerometers and Velocity
Gavges

In a decked single borenole test, & 50,000 ¢ PCB
piezoelectric accelerometer, was placed in t'e

intermediate grout plug and an Endevco 20,000 ¢
piezoresistive accelerometer was placed on the
interface between the upper portion of the gravel
stem and the upper explosive charge (see Figure 14},
These two accelerometers were designed to measure
the shock transmission characieristics of the stem
and to establish if the stem successfully bridged so
as to protect the upper (delay:d) charge. The out-
put from the piezoelectric and jieloresistive accte-
lerometers utilized in this test are {)lustrated in
Figure 15, The record for the PCB accelerometer
located in the intermediate grout plug shows the
distinctive two shock response choracteristic of o
mejority of the stem performince measurements. An
initial shock at & time of 700 micraseconds
corresponds to the arrival of the init1al shuck wave
information through the rock surrounding the
wellbore, The larger amplitude arrivel at 3} ms
correspones to the shoct transmitied through the
granular stemming raterial between the lower charoe
and the intermediate grout nlug. As noted tn Figyure
158, the velocity obtained by integrating the acce-
leration record and the displacenent obLained by
fnateyrating the velocity record both indfcete that
the intermediate grout plug was not Subjected to 4
continual acceleration and velocity increase and
that tnis stem most certainly bridged or held., Tnat



the stem held 1s further attested by the record
nbtained from the piezoresistive accelerometer
obtained at the interface between the upper gravel
stem and the upper explosive charge. This accelero-
meter record also shown in Figure 155 shows 2 ruch
reduced acceleration peak and only a very small 2.0
meter per second velocity for the interface.

An agditional specisl test demonstrating some of
the instrumentation capabilities employed at Anvil
Points is shown schematically in Figure 16, Tnis
test enployed two 15.8 on diameter explosively
1oaded boreholes located 1.3 m from each other.

Two smailer 10,8 ¢m diameter instrumentation holes
were drilled between the two explosive holes with
one of the imaller instrumentation holes heing only
0.3 m from an explosive hole. In this experiment,
electromagnetic velocity gauges were embedded in the
grout plug capping each of the explosively loaded
holes ard at three different Yevels in the instru-
mentation hole intermediate between the two explo-
sive holes as {llustrated in the figure.

Data from one of the electromagnetic velocity
gauges embedded in the grout piug of an explosive
hole is iliustrated in Figure 17, This figure shows
the characteristic rock shock response at 1.3
milliseconds followed by the much larger stem Shock
at 6.8 ms. The very rapid drop in gauge output
occurring just after 8 ms is due to the geuge
meeting the mechanical limit of its trave!, The
11,0 em displacement obtained by integrating the
velocity record up to the sharp velocity drip served
to confirm the gauge calibration factor. The large
12 m/s velocity of the stem prior to the gqauge
meeting fts displacement 1imit indicates that thig
stem {5 probably undergoing failure snd in the pro-
cess of being rifled from the borehole,

CORRTEX Dats and Reuults

CORRTEX proved very valuable in determining the
performance of simple and complex blast petterns
through the measurement of the detondtion times and
velocity, In addition, the CORRTIEX records provided
informé~-ion on the performance of various stem
materials and steaming designs by monftoring the
chenge §n cable length as the shock wave propagated
through the stemming coluni. On several of the
single-borehole and two-borehole tests, CORRTEX sen-
sor cables were inctalled in satellite holes in an

attempt to measure rock fracture and crater for-

mation during the fragmentation tests.
The getongtion velocities of several explosives

in placements similar to tnat illustrated in Figure
18. This figure shows the cable routing used to
measure the detonation times ang velocities of
several explosive columns with different delay times
from & single sensor cable. The average detonation
velocities measured for several explosives were

.10 km/s for pelletrzea TRT, 3,90 km/s for pelle-
tizec ANFO, ang &.83 km/s for the IRECO 1205C ANFU
slurry used for some of the C-series, for the D-
series, and several of the Special-series tests. A
typical CORRTEX record from a Sensor cable through
the stem and explosive is shown in Figure 19. Tne
record starts at 204.3 ms as designed, a fast rise
to the one meter iark (one meter of sensor cabie was
wrapped around the detonator booster assembly),
straight section wit" a sloze of 4,77 km/s repre-
senting the burn velority of the 1204C slurry, and
then at the explosive-stem interface the slope
changes to 0.48 xm/s describing the shock wave speed
in the crushed gravel stemming material., From many
CORRTEX records, the average shock wave travels at
0.5 km/s through the first one-hall meter of crushed
grave) about the charge,

CORRTEX sensor cables were also grouted in
satellite instrument holes near explosive boreholes
to mnitor crater formation. Ffigure 20 is the
CORRTEX record from o cable in the central hole for
the test shown in Fligure 17 and Figure 21 is & plot
of cable crush versus time from test satellite holes
in *wp separate tests used to mrasure crater for-
mation, The time-distance plot in Figure 21 <iows
two lines with slopes of 0.36 and 0.37 xm/s. These
values represent the rate at which the créter forms,
or the rock fracturing rate. The fragmentation pro-
cess seems to proceed slower than previously
thought |

The extensive instrumentation employed on the
Anvil Points ofl shale fragmentation tests has pro-
vided an unusudlly large vulume of dats on the
detatls of the explosive fragmentation proces, in
of) shale., Wnhile the daty wes initially utilized to
vorify shot performance and to address specific
problem areas, such as stem performance, the contri=
butfons of the data to the understanding of the
explosive rock fragmentation process in general



could be significant. Work is continuing tc redute
and interpret the date collected.

Some general conclusions from the program are:
geologic influences sSuch as joints do not d¢ppear to
contre! the fragmentation process in myltiple-
borehole, multiple-level designs, but shale grade
may have second order effect; explosive enginecring
problems influence the fragmentatior process more
than previously imagined; stemming performance is a
very important factor in the success or feilure in
creating a large recort; the role of explosive yas
pressure in retort blasting appears to affect rock
motion, charge timing, and borehole spacing; and
decked charges in a multiple-borehole blast design
cause prodlems in explosive deadpressing, unwanted
stem motion, and pre. «ture venting of explosive

gases.
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T&BLE 1 Mejor Objectives of the Individua! Test Series

A Series: Single Hole (6 Tests)

-~ Compare the effects of TN and ANFO prills on fragmentation.

- LEsteblisnh particle sile distribution, crater cimensions, and depth of pull.,

- Dbserve the effects of joint spacing and distribution, shale grade, and limited free face
on fragmentation ang creter dimensions and shape.

- Provide an estimate of the borenole spacing for the B Series tests.

- Replicate Shot 79-10 conducted at Colony Mine to compare cratering anc fragmentation
characterization for the twp 0il shale mines.

- Rock motion anc gisplacement dats oi the surface and at depth by means of accelerometer
and velocity gauges.

B Series: ¢ Borehole, Sinale-Deck Pattern (& Tests)

- Evaluate horizontal specing and timing on crater formation and fragmentation using INT
prills.

- Measure particle size distribution, crater dimensions, and depth of pull in &
myltiple-borenole geometry,

- Evaluate . “anges in oepth-of-burial and charge weight on particle size distrioution and
crater formation,

- Measure rock mass motion using accelercmeter and velocity gauges mounted on the free face
and embedded in the rock.

- Establish horizcntal spacing for 8- and l6-borehole tests in the C and O Series tests.

C Series: Vertical Myltilevel in a Multiple-Borehole Arrangement (15 Tests)

- Study and confirm the explosive and stem performance prior to conducting the C Series
myltiple-hole fragmentstion tests.

- Optain data on effects of horizontal spacing and timing, vertical spacing and timing,
steggered decking, and charge overlapping prior to conducting the D Series tests.

- Eyaluate miltileve) interaction offects from 8, 16 and 24 charges.

- Investigate explosive odcadpressing and sympathetic detonation for several explosive types.

- Evaluate electric blasting cap performance in decked charge geometry.
fragmentation results from multiple-borehole, miltilevel charge placement in a cecked
pattern,

= Heasurement of rock mass motion from accelerometer and velocily gauges and freaming camera
coverage.

D Series: Smali-Scale Retorts (3 Tests)

- Evaluate fragmentation from a l6-borehole staggered pattern of 24 and 32 charges in 3- and
t-level configurations,

- Reproducibility of mini retort designs.

- Reverse pull fragmentation study,

- Evaluate performance of stem cesigns, electric blasting caps, and IRECO 1205C ANFO slurry.

- Effects of geologic features on fragmentation in a compiex geometry,

- Rock mass motion measurements within the 16-borehole arrey and outside the blest location.

Special Series: Single and Multiple Rorehole (17 Tests)

- Study special problem areas that affect fragmentation of oil shale such as Stem perfor-
mance, crater formation mechanism, improved breskage at crater the reverse pull plane,
fragmentation of rich ofl shale beds using different explosive slurries, deadpressing in
single barehole, and decied arrangements,
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DATA ACQUISITION SYSTEM AT ANVIL POINTS
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Fig. 3. 3iock diagram of the data acquisition system used at the Anvil Points Mine.
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